The medial basal hypothalamus was isolated from the remainder of the brain of the rat using a Halisz knife. Ten (3) (4) (5) (6) . It is also present in the brainstem, mesencephalon, cerebellum, thalamus, striatum, preoptic area, septum, and cerebral cortex (3-6). This widespread distribution of TRH among regions of the brain has led to speculation that it may serve as a neurotransmitter at synapses remote from the hypothalamus (3). It seemed possible that TRH might be produced by neurosecretory cells located in the "thyrophysiotropic" area of the hypothalamus and that these cells in turn might send axons both to the median eminence and to areas of the brain outside of the hypothalamus. To gain information concerning the sources of hypothalamic and extrahypothalamic TRH, TRH assays were performed in various regions of the brain after surgical deafferentation of the hypothalamus. METHODS Female Osborne-Mendel (NIH strain) rats, which weighed 250-275 g at the time of surgery, were used for these studies. Hypothalamic deafferentations were performed with a 2 mm (radius) Halasz knife (7). Animals were anesthetized with ether and placed in a stereotaxic instrument with their heads down at an angle of 11°. The knife was inserted in the midline 1.3 mm behind the bregma, its tip pointing rostrally. The superior sagittal sinus was transected by the knife as it was inserted into the brain. After it reached the base of the Fig. 1 . The animals were allowed to recover from the surgical procedure for 10 days. They were then killed by decapitation at 9 a.m., and their brains were quickly removed and frozen on dry ice. The brains were transferred to a cryostat (-10'C) and serial sections 300 2 in thickness were cut through the brains in the frontal plane. At the level of the hypothalamic island each thick section was followed by a thin one, which was stained with cresyl violet and examined under a microscope. Only brains with completely isolated, healthy-looking medial basal hypothalami were used for the studies reported; the others were discarded.
sham-operated control rats. Thus, much of the thyrotropinreleasing hormone that is normally present in the medial basal hypothalamus may be synthesized by cells outside of this region. There were no reductions in hormone levels in regions outside of the hypothalamic island after the surgical procedure. Extrahypothalamic thyrotropin-releasing hormone does not appear to be produced by hypothalamic neurosecretory cells.
Thyrotropin-releasing hormone (TRH) is a tripeptide that stimulates release of thyrotropin from the anterior pituitary (1, 2) . Within the hypothalamus, the median eminence and the medial basal nuclei contain the highest levels of TRH (3) . TRH is not found exclusively in the hypothalamus, however. Only about one-third of the TRH that is present in the brain of the rat is contained in hypothalamic structures (3) (4) (5) (6) . It is also present in the brainstem, mesencephalon, cerebellum, thalamus, striatum, preoptic area, septum, and cerebral cortex (3) (4) (5) (6) . This widespread distribution of TRH among regions of the brain has led to speculation that it may serve as a neurotransmitter at synapses remote from the hypothalamus (3). It seemed possible that TRH might be produced by neurosecretory cells located in the "thyrophysiotropic" area of the hypothalamus and that these cells in turn might send axons both to the median eminence and to areas of the brain outside of the hypothalamus. To gain information concerning the sources of hypothalamic and extrahypothalamic TRH, TRH assays were performed in various regions of the brain after surgical deafferentation of the hypothalamus. METHODS Female Osborne-Mendel (NIH strain) rats, which weighed 250-275 g at the time of surgery, were used for these studies. Hypothalamic deafferentations were performed with a 2 mm (radius) Halasz knife (7). Animals were anesthetized with ether and placed in a stereotaxic instrument with their heads down at an angle of 11°. The knife was inserted in the midline 1.3 The animals were allowed to recover from the surgical procedure for 10 days. They were then killed by decapitation at 9 a.m., and their brains were quickly removed and frozen on dry ice. The brains were transferred to a cryostat (-10'C) and serial sections 300 2 in thickness were cut through the brains in the frontal plane. At the level of the hypothalamic island each thick section was followed by a thin one, which was stained with cresyl violet and examined under a microscope. Only brains with completely isolated, healthy-looking medial basal hypothalami were used for the studies reported; the others were discarded.
Tissue from various regions of the brain were cut from the frozen sections with a Graefe knife. The hypothalamic island was found on four or five sections. Tissue from the inside of the island was cut from each of these sections. The samples that were removed were triangular in shape; their bases (the ventral surface of the brain) were 2.5 mm, and their heights were 3 mm. Identical bits of tissue were dissected from the hypothalami of control rats.
The tissue was weighed and homogenized in 2 M acetic acid. The samples were centrifuged and the supernatant fluid was lypohilized. The samples were then dissolved in a solution consisting of 0.25% bovine serum albumin, 0.01 M phosphate, 0.01 M phosphate, 0.15 M NaCl (pH 7.5), and assayed for TRH according to the method of Bassiri and Utiger (8) . In two separate experiments, two different antibodies 1 . The size and shape of hypothalamic islands that were used in the present study. Abbreviations: ca, anterior commissure; F, fornix; mb, mammillary body; mfb, medial forebrain bundle; mt, mammillothalamic tract; na, arcuate nucleus; ndm, dorsomedial nucleus; nha, anterior hypothalamic nucleus; nhp, posterior hypothalamic nucleus; npf, perifornical nucleus; npmd, dorsal premammillary nucleus; npom, medial preoptic nucleus; npv, paraventricular nucleus; nsc, suprachiasmatic nucleus; nvm, ventromedial nucleus; oc, optic chiasm. (a) Drawing of a parasagittal section through the rat hypothalamus which indicates the rostral, caudal, and dorsal limits of the hypothalamic islands. Proc. Nat. Acad. Sci. USA 72 (1975) 46h old', 1 1 i were used. These were both highly specific for TRH. The results obtained using the two antibodies were nearly identical; therefore they were considered together below. RESULTS The levels of TRH measured in the brains of rats that had undergone hypothalamic deafferentation and in brains of sham-operated rats appear in Table 1 . No changes in TRH from the control levels were seen in the preoptic area, septum, amygdala, caudate, medulla, pons, or cerebellum. TRH fell by 76% in tissue removed from the hypothalamic island. DISCUSSION There was a substantial decrease in TRH in the medial basal hypothalamus after this area was isolated from the rest of the central nervous system. No significant change in TRH occurred in any other region of the brain. Apparently, most of the cells that synthesize and store TRH in the brain of the rat are found outside of the medial basal hypothalamus.
Three-quarters of the TRH that is found in the medial basal hypothalamus may normally be present in axons that were cut in the course of the surgical procedure. It is also possible that a great deal of TRH is normally produced elsewhere, carried to the medial hypothalamus by the cerebrospinal fluid and concentrated there. Under these circumstances disruption of the flow of cerebrospinal fluid through the third ventricle by the operation might account for the fall in TRH. A third alternative is that cells of the medial basal hypothalamus reduce their synthesis or storage of TRH after the removal of certain critical neuronal inputs. There might even be degeneration or death of neurosecretory cells in response to deafferentation. Such "trans-synaptic degeneration" of cells has been described in the past (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . It is clear, however, that many of the cells that populate the hypothalamus survive the surgery intact (9) . Furthermore, the biochemical properties of the neural islands remain normal in certain important respects. For example, the dopaminergic cell bodies of the arcuate nucleus which send their axons to the median eminence do not appear to be injured by the surgical procedure. The levels of dopamine and of tyrosine hydroxylase, the rate-limiting enzyme in the synthesis of dopamine, do not change in the median eminence after hypothalamic deafferentation (Brownstein et al., in preparation) . Similarly, this operation does not alter the level of choline acetyltransferase or of histamine in the median eminence of the rat (Brownstein et al., in preparation). These findings give support to the idea that much of the TRH found in the medial hypothalamus arises somewhere else.
Matsuda et al. (20) noted that the weight of the thyroid did not significantly change after isolation of the medial basal hypothalamus of the rat. On the other hand, these authors found significant decreases in the uptake of 13 
